We use Fourier Traction Force Microscopy to measure the spatiotemporal evolution of shape and traction stresses and construct traction tension kymographs to analyze cell motility as a function of the dynamics of the cells' mechanically active adhesions (traction adhesions). We show that wild-type cells migrate mainly by forming two stationary traction adhesion sites at their front and back halves, over which the cell body moves forward in a step-wise fashion through periodic axial and, to a lesser degree, lateral contractions. We demonstrate that lateral forces are critical in mediating cell motility and essential for migration on highly adhesive substrates where cells implement two alternate motility modes to achieve migration. Our analysis of two mutant strains that lack distinct F-actin crosslinkers (mhcA-and abp120-cells) also supports a key role for lateral contractions in amoeboid cell motility, while the differences in their traction adhesion dynamics suggest the two mutant strains use distinct mechanisms to achieve migration. The considerable differences we find in both the spatiotemporal organization of traction adhesions and contractility, when comparing to the control wild type, provide insight into the role of the extracellular environment and of key cytoskeletal proteins in cell migration. We propose that these are highly conserved mechanisms, which function in a range of amoeboid cells, including leukocytes, as well as other forms of cell motility. searchers on a one-dimensional lattice. We show that the mean first passage time for either of them to reach a fixed target depends non-monotonically on the range of the interaction and can be optimized for a repulsive range that is comparable to the average spacing between searchers. Our results suggest that even the most rudimentary form of collective searching does in fact lower the search time for the foragers suggesting robust mechanisms for search optimization in cellular communities.
3974-Pos Board B702 Elastic Moduli of Cells Undergoing Neoplastic Transformation
Xinyi Guo, Martin Guthold, Keith Bonin. Wake Forest University, Winston Salem, NC, USA. Using an Atomic Force Microscope (AFM) with a 5.3 um diameter spherical probe we determined the elastic modulus of human mammary epithelial cells (HMEC) as they undergo neoplastic transformation from normal to immortal, tumorigenic, and finally metastatic. We did the measurements over both cytoplasmic and nuclear regions; and as a function of the cells location with respect to a colony (inside a colony, on the periphery of a colony, isolated cells).Tumorigenic and metastatic cells will grow in multiple layers rather than as a colony when confluence increases. So our measurements do not include the inside of a colony part for tumorigenic and metastatic cells. Normal cells show a significant difference in modulus depending on their colony environment. Measurements to date indicate that the cytoplasmic moduli in these 3 different environments for normal HMEC cells are 220 þ/-40 Pa, 380 þ/-50 Pa, and 650 þ/-70 Pa respectively (modulus þ/-sem). We expect to report moduli under similar conditions for immortalized and tumorigenic HMEC cells and metastatic cells known as MDA-MB-231. In addition, for normal HMEC cells, we observe moduli differences due to cellular structures with the nuclear modulus being significantly higher (280 þ/-30 Pa, 680 þ/-90 Pa, and 690 þ/-100 Pa respectively) than the modulus of the cytoplasm. We also plan to report on these structural differences for immortalized, tumorigenic and metastatic versions of HMEC cells. This work is supported by NSF Materials and Surface Engineering grant CMMI-1152781. Zoology, University of British Columbia, Vancouver, BC, Canada. Cellular processes such as division, migration, and remodeling are clearly dependent in the cytoskeletal network, and its local mechanical properties, including stiffness and tension. We have applied a combinatorial microscopy platform that integrates atomic force microscopy with confocal and TIRF microscopy to examine three different scenarios wherein protein-protein interactions are thought to influence these characteristics. Cell migration is intimately tied to cortical actin organization and cell tension. Understanding how these characteristics are impacted by specific protein-protein interactions will be important for our understanding of metastasis in cancer. Cell integrity and stiffness may also be altered during infection with the parvovirus minute virus of mice, which has been shown to alter the local vimentin intermediate filament network. During cell division, changes in the cytoskeletal network are clearly evident. Quantitatively measuring these changes, in real-time, during the process of cell division will provide unique insights into local changes in membrane stiffness and tension that can be linked to specific developmental pathways. Mechanosensitive channel of large conductance (MscL) is a nonselective channel found in the plasma membrane of E. coli. It serves as an emergency release valve that protects cells from lysis by allowing the efflux of osmolytes under acute osmotic downshock. Studies of the MscL in yeast models and reconstituted liposomes have suggested that the channel can directly sense biophysical changes in its membrane environment. In particular, the channel is found to be gated by membrane tension on the order of 7-13 dynes$cm À2 and can have lower activation threshold with increased hydrophobic mismatch between the channel and lipid bilayer. Although MscL is the best characterized mechanosensitive channel, its mechanical gating and potential modes of activation when expressed in mammalian cells have not been fully investigated. To better understand the channel gating properties in mammalian cells, we employed different methods of mechanical stress application to human retinal pigment epithelial (RPE) cells expressing MscL WT and G22S, a mutant MscL with lower activation threshold. RPE cells were made to express MscL WT and G22S via infection of tetracycline regulated adenovirus vectors. We found that MscL WT and G22S were activated to allow influx of a fluorescent dye that increased with increasing osmotic downshock. Acoustic tweezing, a method akin to magnetic tweezing that applies acoustic pressure to displace microbubbles, was used to exert mechanical stress to the cell membrane. Microbubbles were functionalized to attach either to integrins or to transmembrane transferrin receptors. We found that MscL can be activated and the threshold of activation depends on the coupling of force transduction. Our results suggest that MscL retains its mechanical gating in mammalian cells and support the potential for MscL to be utilized as a mechanosensor in mammalian cells.
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Coherent Cell Rotation in Confluent Monolayer Sheets Bo Li, Sean Sun. Mechanical Engineering, Johns Hopkins University, Baltimore, MD, USA. Cell migrations play a vital role in many physiological motility processes including embryogenesis, wound-healing, immune defense and cancer metastasis. Although much effort has been directed towards motility of individual cells, the mechanisms underpinning collective cell migration remain poorly understood. Here a cell mechanics model incorporated persistent force depending on the memory effect on the past orientation of motion is developed to elucidate the coherent rotation motion of monolayer cells in the absence of external signals. This physical model is able to explain how the cell rotation is coordinated in the systems ranging from several cells to multi-cellular assemblies. We show that the competition between the active persistent and random forces is responsible for the robust rotation motion, where the passive coupling forces between cells is also necessary. It is found that the angular motion mode depends on the geometrical shape of the underlying substrate.
3978-Pos Board B706
Characteristics of Mechanically-Conditioned, Substrate-Free Cardiac Cell Sheets Qi Wei, Hayden Huang. Columbia University, New York, NY, USA. Heart failure remains a major cause of global morbidity and mortality. Since the benefits of heart transplantation are constrained by donor scarcity, and the ability of the heart to regenerate following infarction is limited, cellbased therapies have emerged as alternative treatments for the repair of damaged heart tissue. One method, myocardial cell sheet tissue engineering, detaches cultured cells from substrates without disrupting intercellular 788a junctions critical for myocardial function. However, the challenges of generating mechanically strong and synchronously contractile cardiac sheets remain. In this study we characterized substrate-free cardiac cell sheets generated using a partial-lift method, whereby a portion of a cell monolayer is detached from the substrate. These cell sheets are dominated by cell-cell interactions and decoupled from cell-substrate interactions, but remain amenable to biological and chemical perturbations, and more importantly, mechanical conditioning and characterization. We show that lifted cardiac sheets exhibit significant changes in the distribution of cytoskeletal and junctional proteins, and that junctional expression of these proteins is enhanced by mechanical conditioning. Results further demonstrate that the mechanical strength and cohesion of these cell sheets depend on cytoskeletal and cell-cell junctional protein integrity. We also examined the microrheological characteristics, contraction frequency and calcium signaling of the cardiac cell sheets, which are critical for their potential clinical applications. Our results showed that mechanical conditioning the cell sheets alters several of these properties, with potential benefits to their function. This work represents a first systematic examination of mechanical conditioning on cardiac cells with primarily intercellular interactions. This method offers an unprecedented way to study cell junctions when substrate interactions are no longer dominant. The information gained from this study will help advance our understanding of cell-cell interactions and improve cardiac cell sheet biomechanical properties for tissue regeneration, and particularly heart repair. Biomaterials Faculty of Dentistry, University of Sidney, Sidney, Australia. The corneoscleral rim of the eye represents a region with unique anatomical properties due to its location between the cornea and sclera and unique functional properties due to the location of epithelial stem cells in the rim structure (limbus). They guarantee the regeneration of the corneal epithelium and prevent the conjunctival epithelium from growing onto the corneal surface. Survival and self-renewal properties of stem cells depend on specific biological and biomechanical properties of their environment. We therefore measured the local mechanical properties of the human corneoscleral rim using a novel nanoindentation device (Bioindenter CSM Instruments, Neuchatel, Switzerland) developed for soft tissues evaluation. Nanoindentation was performed using a spherical indenter of 0,5mm radius, a maximal load ranging between 20 mN to 30 mN and a penetration depth of several mm to 60mm. The hold period at maximum load was 180 seconds. Young's modulus (E) was calculated using a Hertzian fit to the loading data. E of the central cornea was in the range of 19 kPa, while in the scleral region we found 17 kPa and the limbal rim region 10 kPa. Considerable creep relaxation occurred during the hold period at maximum load, which scaled with the elastic modulus of the different structures. For a better correlation of the indentation results to the morphological characteristics of the corneascleral rim, histological sections of the indented areas were performed. Our results reveal unique biomechanical properties of the corneoscleral rim with distinct mechanical properties for the three anatomical regions. Moreover, the corneoscleral rim appears to provide a very soft biomechanical niche environment for the limbal stem cell. These results may have implications to ex-vivo expansion of limbal stem cells and the development of an artificial limbal stem cell construct for tissue engineering.
3979-Pos
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Light-Modulated Cell Adhesion to Control Cell and Tissue Morphogenesis Jeffrey van Haren, Torsten Wittmann. Cell and Tissue Biology, UCSF, San Francisco, CA, USA. Cell adhesion through integrin receptors to the extracellular matrix is essential for pattern formation during tissue morphogenesis. For example, cell adhesion differences correlate with epithelial branching, and stem cells often reside in microenvironments essential for stem cell maintenance and differentiation. Tissue engineering relies on the ability to replicate in vivo pattern formation to grow complex multicellular tissues in vitro, a largely unresolved challenge. Although cell growth can be patterned by immobilizing matrix proteins by photolithography or microcontact printing, such techniques are not easily adaptable to a physiological 3D environment and most importantly do not allow dynamic control of cell adhesion during in vitro organogenesis. To address this challenge, we started to develop a system by which cell-matrix interactions can be reversibly modulated by patterned 470 nm illumination utilizing a novel short peptide, Zdk, that binds to the dark-state of oat LOV2 with high affinity. Aminosilane-coated coverslips were reacted with NHS-PEG-biotin conjugates, and a biotinylated LOV2 domain attached through neutravidin. As proof-of-principle, we bound mCherry-Zdk-RGD fusion proteins to biotin-LOV2-coated coverslips, and demonstrate rapid, reversible and patterned light-induced release of mCherry-Zdk-RGD from the surface. We are investigating how light-triggered release of cell matrix attachment controls focal adhesion dynamics and cell migration. Rapid rebinding of mCherry-Zdk-RGD is due to the photochemical properties of LOV2, which rapidly reverts to the dark state after photoactivation. Because this may be too fast to manipulate cell-matrix adhesions that turn over at a substantially slower timescale, we carried out a mutagenesis screen of LOV2 variants generated by error-prone PCR. Using fluorescence recovery of the LOV2-bound flavin molecule as readout, we identified numerous novel mutations near the flavin-binding site that revert to the dark state at much slower rates, presumably by stabilizing the flavin-cysteinyl adduct.
3981-Pos Board B709
Neutrophil Rolling on Patches of Selectin Alex C. Szatmary. NICHD, NIH, Bethesda, MD, USA. For a neutrophil to reach an infection site, it circulates through the blood, adheres to the blood vessel wall, initially rolling, then adhering firmly; finally, the neutrophil actively passes through the wall. The initial rolling of a neutrophil is primarily mediated by adhesion of receptors on the neutrophil to selectins on the blood vessel wall. A neutrophil has hundreds of surface protrusions called microvilli, "little fingers"; most of the adhesion receptors involved in initial rolling are situated on the tips of microvilli. Here, I present theoretical analysis showing that the dynamics of a rolling neutrophil are qualitatively different depending on whether its microvilli are typically bound with single or multiple receptors. The role of multiple binding on a single microvillus increases with the surface concentration of selectin, up to a limit. P-selectin is ordinarily stored in granules in an endothelial cell, and released in patches on the cell membrane during inflammation. There is some experimental evidence suggesting additionally that patches of P-selectin are concentrated near the boundaries of endothelial cells. Here, a numerical model of neutrophil rolling which accounts for discrete receptor-ligand interactions is used to show how patchy distribution of P-selectin can promote neutrophil arrest and direct neutrophils to boundaries of endothelial cells, facilitating extravasation.
Membrane Pumps, Transporters, and Exchangers III 3982-Pos Board B710 Characterizing Conformational Ensemble and Free Energy Landscape of ABC Exporters using a Novel System-Specific Sampling Approach Mahmoud Moradi, Emad Tajkhorshid. University of Illinois at Urbana-Champaign, Urbana, IL, USA. During their transport cycle, ATP-binding cassette (ABC) exporters undergo large-scale conformational changes between inward-facing (IF) and outwardfacing (OF) states. Using a novel approach based on designing systemspecific reaction coordinates and employing nonequilibrium simulations, we have recently characterized the IF-OF conformational transition pathway of MsbA, a bacterial ABC exporter whose structure has been solved in multiple functional states including an OF conformation and two IF conformations (termed IF-closed and IF-open based on the extent to which the cytoplasmic side is open). Due to low resolution of MsbA crystal structures in IF conformation, only C a atoms have been reported; however our unique system-specific sampling strategy results in a stable all-atom model of MsbA in the IF conformation in the presence of explicit membrane and water. In order to more accurately characterize the conformational ensemble of nucleotide-free apo MsbA, we also employ a free energy calculation technique based on a combination of umbrella sampling and replica exchange methods, using a reaction coordinate defined based on the orientation of transmembrane helices. The results indicate that the IF-closed conformation is associated with a relatively deep minimum and the IF-open-like conformations are also thermally accessible. However, the deepest free energy basin is associated with an IF conformation, more open than IF-closed and less open than IF-open, resembling the crystal structures of P-glycoprotein (a MsbA homolog) which are obtained at higher resolutions. The overall picture emerging from the reconstructed free energies is that MsbA is fairly flexible in its resting state in the absence of nucleotides and substrates. The approach proposed here provides a framework to study large-scale conformational changes of membrane transporters whose computational investigation at an atomic resolution may not be currently feasible using conventional methods.
